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EXERCISE AS ANTECEDENT CONTROL
OF VARIOUS INAPPROPRIATE BEHAVIORS
Jan E. Bachman, M.A.
Western Michigan University, 1982
The effects of several levels of exercise on inappropriate
behaviors of four trainable mentally impaired subjects were observed
in a school setting.

Treatment conditions, which occurred as the

first daily activity, included (a) Phase I, daily alternating con
ditions of warm-up exercises and jogging at a moderate rate for a
short distance; (b) Phase II, daily alternating conditions of no
exercise and jogging at a vigorous rate for a moderate distance; and
(c) Phase III, jogging at a vigorous rate for a moderate distance on
consecutive

days.

For

one

subject

two

additional

conditions,

(a) Phase IV, jogging on consecutive days at a vigorous rate for a
long distance and (b) Phase V, consecutive days of no exercise, were
included.

Observations of three inappropriate behaviors of each

subject occurred immediately after, 1 hour after and 2 hours after
each daily condition.

Results indicate for three subjects a decrease

in inappropriate behaviors was directly related to the increase in
the level

of exercise; in three subjects there were consistent

effects across all behaviors; and a decrease in level of off-task
behaviors was observed in each subject.

Improvements over existing

studies are discussed with suggestions for future research.
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INTRODUCTION
Much of the behavior analysis literature clearly demonstrates
the management of behavior through the manipulation of response con
sequences (i.e., reinforcing and punishing stimuli).

Studies which

effect behavior change by manipulating antecedent stimuli or setting
events in the environment are much less common (e.g., Horner, 1980;
Hahler & Fox, 1981).

The identification and empirical validation of

antecedent stimuli and setting events which reliably affect behavior
are not only of theoretical significance, but also of practical sig
nificance, since most antecedent control procedures do not require
extended periods of vigilance to detect the occurrence of a specific
behavior and to immediately deliver a response consequence.
A number of behavior management procedures relying on the mani
pulation of antecedent stimuli or setting events have been reported
with mentally impaired and developmentally delayed persons.

The

most widespread and socially significant of these procedures is the
use of psychoactive medications (e.g., Breuning & Poling, in press;
Lee, 1981; Sprague & Baxley, 1978).

Additionally, vestibular stimu

lation from spinning has been used to treat hyperkinesis (Bhatara,
Clark,

Arnold,

Gunsett,

& Smeltzer,

1981),

and various dietary

changes have been reported to affect learning (e.g., Chariton-Seiffert,
Stratton,

& Williams,

1974; Rose, 1978).

1980) and improve behavior (e.g., Powers,

Conroy, Smith, Alexander, Felthous, Scholl, &

Levy (1981) reported an increase in affect and nightly sleep of
1
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institutionalized subjects participating in a daily diet and exer
cise program.
was

Some researchers have reported that relaxation therapy

instrumental

in decreasing off-task behaviors

(Redfering &

Bowman, 1981) and disruptive behaviors (LaCombe & Seewald, Note 1;
Omizo & Williams, 1981), while others reported positive effects of
relaxation therapy on cursive writing (Jackson, Jolly, & Hamilton,
1980) and academic performance (Klein & Deffenbacher, 1977; Stout,
Thornton, & Russell, 1980).

Others have reported behavior changes

through the manipulation of more global setting events such as
centralizing recreational areas (Newkirk, Feldman, Bickett, Gipson,
& Lutzker, 1976), rearranging furniture (Melin & Gotestam, 1981),
providing an "enriched" environment (Horner, 1980), changing meal
serving patterns (Melin & Gotestam, 1981; Van Biervliet, Spangler, &
Marshall, 1981), adjusting temporal constraints on task completion
(Ayllon, Garber, & Pisor, 1976), and changing noise levels in a
classroom

(Whalen,

Henker,

Collins,

Finck,

& Dotemoto,

1979).

Recently, a number of researchers have analyzed the effects of
dynamic muscle activity, or aerobic exercise, on a variety of beha
viors.

Several studies have reported that running has been effec

tive in treating depression (e.g., Blue, 1979; Greist, Eischens,
Klein,
Morgan,

& Faris,

1979; Geist, Klein, Eischens, Faris, Gurman, &

1979) and anxiety (e.g., Ledwidge, 1980; Morgan,

Breunlng,

Davis,

& Hatton

1979).

(Note 2) had institutionalized women

participate in an exercise program and documented a decrease in
disruptive behaviors.

The degree of decrease was greatest when

exercise was scheduled immediately prior to periods of highest
behavior frequencies.
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Watters and Watters (1980) recorded the self-stimulatory beha
viors of three autistic boys during language training sessions which
succeeded preconditions

of either

(a) 8-10 minutes of jogging,

(b) 10-15 minutes of TV watching, or (c) regular academic activities.
Results indicated the self-stimulatory behaviors decreased for each
student

during

sessions

following jogging,

with no appreciable

changes following the other two preconditions.

It was further noted

that there were no performance changes during the academic session
following any conditions.
Allen (1980) examined the effects of jogging before school on
several disruptive behaviors of 12 learning handicapped students.
Students jogged for varying amounts of time (0, 5, & 10 minutes) on
three days of each week (M, W, & F). The results showed that dis
ruptive behaviors decreased as the time spent jogging increased, and
the incidence of disruptive behaviors increased across the day as
the observations (and time) were further removed from the jogging
period.
While these studies (i.e., Allen, 1980; Breuning et al., Note
2, Watters & Watters, 1980), relating exercise to some objectively
measured change in behavior, are among the more methodologically
sophisticated studies in the large literature on exercise and mental
health (see Folkins & Sime, 1981, for a review), they each suffer
from one or more methodological weaknesses which weaken their con
clusions.

The independent variable is not adequately defined to

allow replication of the exercise regimen.

The aerobic activities

were specific exercises and activities (Breuning et al., Note 2),
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described as "consisting of 5 or 10 minutes of continuous movement
(run, walk, or jog) around the field. . . .

Some were allowed to

simply exercise during this period if they had medical excuses,
colds, or a note from home" (Allen, 1980, p. 67), or as "consisting
of jogging in the school yard for 8-10 minutes" (Watters & Watters,
1980, p. 382), but while each did provide a specification of exer
cise session duration, none included a measure of physical exertion
(e.g., pulse rate) that would further define the independent vari
able and assure roughly equivalent exercise levels across subjects
and sessions.

In some cases (Allen, 1980; Watters & Watters, 1980),

the observers were involved in administering treatment conditions,
thus creating the potential for biased data recording (Kazdin, 1977,
p. 141).

Furthermore, these studies (Allen, 1980; Watters & Watters,

1980) provide no control conditions to separate the effects of exer
cise from other potentially active variables associated with the
exercise (e.g., increased attention, teacher and subject "expectancy"
effects).
Allen (1980) summarized data across a variety of subjects and
specific behaviors, thus obscuring any differential effects across
behaviors and subjects.

Finally, Allen (1980) observed behavior

during different activities ("Structured-individual," "Unstructured
Group," "Structured Group," p. 68) at each of the latencies after
jogging, thus confounding latency with the different reinforcement
contingencies which probably characterized the various activities.
This study attempted to extend the findings of Allen (1980),
Breuning et al. (Note 2), and Watters & Watters (1980) by studying

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

the relationship between various exercise levels and a variety of
inappropriate behaviors of trainable mentally impaired (TMI) students.
A number of methodological improvements on prior studies were incor
porated, including:

the use of an alternating treatments design

(Barlow & Hayes, 1979), recording and reporting individual behaviors
for each subject, arranging similar activities during each observa
tion period, and having observers and teachers blind as to the
arrangement of conditions.

The amounts of exercise were equalized

across subjects by calculating and designating individual physical
exertion work output rates to-be attained during jogging conditions.
Additionally, a prolonged, daily jogging condition was incorporated
to examine behavioral effects in the absence of contrasting, alter
nating conditions.
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METHODS
Subjects
Four males, ranging in age from 6 to 16 (mean = 9.0), served as
subjects.

Each was a student enrolled in a program for trainable

mentally impaired (TMI) students in a public school system.

Sub

ject selection was based upon frequencies of inappropriate beha
viors, ease with which these could be observed from an observation
booth, and availability of subject during treatment and observation
periods later in the school day.

Also, each subject was required to

provide approval of his family physician to engage in a specified
amount of exercise and informed consent from a parent or guardian to
participate in the program.
Subject 1 was a 16-year-old, TMI male. His full scale score on
a recent WISC-R was below 40.
"developmental preprimary."
temporary.

Subject 2 was a 6-year-old labeled

His placement in the TMI program was

Subject 3 was a 7-year-old regarded as TMI and speech-and

language-impaired.

Subject 4 was a 7-year-old who was labeled TMI.

His recent IQ as measured on the Stanford-Binet (L-M) was 51.

IQ

test scores were not available for Subjects 2 and 3.
Setting
The classrooms were approximately 20' x 30'.

At the rear of

each room was an observation room which was wired for sound to allow
monitoring of the vocal activityof the subjects.

Each

room was

6
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staffed by a certified teacher, an aide, and on some days a "parti
cipator," an undergraduate in special education from a nearby uni
versity.
Classroom activities,

during tfiich behaviors were recorded,

varied between classrooms but remained similar within and across
days in each classroom.

The morning classroom routine for Subjects

2, 3 and 4 required them to work independently in groups of two at
four different stations.

A different educational activity was com

pleted at each station, with students rotating between activities at
predetermined times until every student had engaged in every activity.
Students in Subject l's classroom typically sat at tables and
worked at their own paces on assigned activities.
was assigned as each finished the previous one.

A new activity

Occasionally, the

adults engaged in a 1:1 activity with the students when required.
The gymnasium, in which running occurred, was located near each
classroom and

included no obstructions

except

for four plastic

pylons which marked the running course during jogging periods.
perimeter of this course was approximately 0.082 miles.

The

Two large

folding mats were placed on the floor for use by the subjects during
warm-up exercises.
Dependent Variables
For each subject, three behaviors were selected for observation
based on the following criteria:

they were exhibited at high rates;

they were suggested as problem behaviors by the teachers; or they
interfered with academic activities.

They were defined for each

subject as follows:
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8
Subject 1
Inappropriate vocalizations - any verbalization which is neither
required by classroom activities nor a part of the ongoing classroom
activity.

This includes talking out of turn and/or unintelligible

vocalizations.
Repetitive movements - any movement of any part of or the whole
body in a continuous cycle of three or more repetitions within a
given 15-second interval.
Off-task - any incident of (a) failure to follow an instruction
requiring a motor or visual response within three seconds after
being given; (b) lack of visual contact with the ongoing activity,
materials, or leader of an activity for at least five continuous
seconds within an interval.
Subject 2
Inappropriate use of hands - any use of the hand(s) not required
in a classroom activity.

This includes putting hand(s) or an object

in his mouth, touching other students, objects or adults when not
instructed to do so.
Off-task - any (a) failure to follow an instruction requiring
visual, motor, or verbal responses within three seconds after being
given; (b) failure to maintain visual or motor contact with instruc
tional materials or activity leader for at least five continuous
seconds during an interval; (c) out of seat— loss of contact between
the bottom of seat and buttocks— when in seat is required.
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Repetitive movements - same as Subject 1.
Subject 3
Inappropriate use of hands - same as Subject 2.
Off-task - same as Subject 2; also, leaving an activity before
that activity has ended.
Repetitive movements - same as Subject 1.
Subject 4
Visual off-task - same as Subject 1, off-task part b; also,
failure to follow an instruction requiring a visual response within
three seconds after being given.
Motor off-task - any (a) failure to initiate following an in
struction requiring a motor response within three seconds; (b) lack
of physical contact with instructional materials when required as a
part of the activity, for at least five continuous seconds within an
interval; (c) large muscle movements which are not required as part
of the ongoing classroom activity, .such as, but not limited to,
putting hand(s) in mouth, rocking in chair, causing the chair to
move partially or totally from the floor, throwing objects or causing
part of his body or another object to come into contact with another
person.
Inappropriate vocalizations - same as Subject 1.
Observation Procedures
Each subject was observed from the observation room at the rear
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of his classroom.

Fifteen-minute observations occurred three times

per day, immediately following the subject's return to the room
after exercising, one hour after exercise, and two hours after exer
cise.

Baseline observation periods occurred during the same time

periods and with similar classroom activities as the corresponding
observation periods during intervention.

Unless otherwise specified

in the definition, each behavior was recorded using a partial inter
val recording system (Bailey, 1977), in which the occurrence or non
occurrence of each behavior was scored during successive 15—second
intervals.

No data were recorded for intervals in which the subject

left the room or when the occurrence or nonoccurrence of the beha
vior could not be determined due to partial visual obstruction of
the subject.

These intervals were not used in the calculations for

the percentage of occurrences of the behaviors.

The beginning of

each interval was signaled by a tone.
Observer Training
Prior to the beginning of the study, each observer was given a
copy of the response definitions pertaining to the subject he/she
would be observing.

Each observer practiced scoring behavior samples

and discussed the response definitions until the interobserver agree
ment percentage between experimenter and observer was equal to or
greater than 85% for each behavior.
Interobserver Agreement
Interobserver agreement data were recorded during 26.2% to 33.3%
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11
(mean ■*30.2%) of

the observation periods for each subject.

Reli

ability data on the occurrence and nonoccurrence of behaviors in
each interval were calculated as (# of agreements/agreements + dis
agreements) x 100%.
and ranges

The mean interobserver agreement percentages

for each subject are:

Subject

2, 92.3%

subject

4, 93.5%(80.0%-100.0%).

Subject 1, 94.8% (81,7%-100.0%);

(79.3%-100.0%); Subject 3, 91.9% (81.6%-100.0%);
Interobserver

agreements

and

ranges for each behavior by subject appear in the appendix.
Jogging Rate Calculations
A moderate and a vigorous jogging rate, which specified a maxi
mum pulse rate to be attained while jogging, were calculated for
each subject.

These pulse rates were defined as 40% and 70% of the

maximum efficient heart rate (Fixx, 1977; Vitale, 1973) for each
subject for moderate and vigorous jogging, respectively.

Target

pulse rates for each subject were calculated as follows:
Pulse Rate *

mean resting

maximum

pulse
where maximum heart rate equals 220 beats per minute and the
mean resting pulse is the mean of three consecutive resting pulse
readings.

Pulse

rates

(beats/minute)

levels for each subject are:

for moderate and vigorous

Subjects 1, 3, & 4, 138 & 174; Subject

2, 144 & 180.
Pulse Rate Calculations
During baseline, resting pulse rates, detected at the radial
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artery, were measured on three consecutive days for each subject
after he lay in a relaxed condition for five minutes.

During inter

vention, pulse rates were recorded by adult trainers when the sub
ject arrived at the gymnasium; after warm-up exercises; after each
3-lap interval when jogging; during a cool-down period; and after
refreshments before returning to the classroom.

Each trainer had

observed the correct procedure for taking pulse rates and practiced
measuring 10-second pulse rates until this reading was ±1 beat per
10-second interval of the experimenter's reading on five consecutive
trials.
Interobserver Agreement for Pulse Rates
On 33 percent of the days in the study, the trainers' measure
of pulse per 10-second sample was compared with the experimenter's
measure taken at the wrist opposite of that which the trainer moni
tored.

An agreement was scored if the trainer and experimenter

differences were ±1 beat per 10-second interval.

The average inter

observer agreement on 10-second pulse rate was 95.3%, with a range
of 90.8% to 100.0%.
Design
The

study incorporated an alternating treatments (Barlow &

Hayes, 1979) within a multiple baseline design (Baer, Wolf, & Risley,
1968).

Following a baseline, Phases I and II, representing two

different levels of jogging, were sequentially introduced for each
subject.

Each phase change was implemented first for one pair of

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

subjects and at a later date for the second pair.

Each experimental

phase involved the alternation of exercise days with warm-up exercises
or no-exercise days in a multi-element fashion.

Phase III consisted

of jogging on consecutive days at the same level as Phase II.

A

third intensity level of jogging was introduced for Subject 3 near
the end of the study.

This phase consisted of consecutive days of

jogging without the alternating days of jogging with another con
dition.

The final phase for Subject 3 consisted of a no-exercise

condition on consecutive dayB.
Experimental Conditions
Baseline
Each subject engaged in the normal classroom routine while data
were recorded during the three observation periods.

No special con

tingencies for the dependent variable were in effect, and there were
no interactions between the trainers and the students.
Intervention
All jogging conditions were preceded by warm-up exercises.

A

trainer jogged with each subject and attempted to jog at such a pace
that the subject's pulse rate would be as close to the assigned rate
for the condition without exceeding it.

Pulse rates were monitored

during a 10-second interval at the end of each 3-lap rotation, and
the jogging pace was changed in the succeeding 3 laps to increase or
decrease the pulse rate as necessary.

After running, the subjects
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walked until their pulse rates reached 20% o£ maximum efficient
heart rate.
Each session was followed by a short resting period, during
which subjects were given unsweetened beverage.

In order to ensure

the blindness of the teachers and observers, the duration of time
each subject was out of the classroom was held relatively consistent
across days and conditions.
Phase I
Phase I consisted of two, daily alternating conditions:
A.

Warm-up exercises.

Warm-up exercises consisted of a se

quence of toe touches, toe raises, sit-ups, deep knee bends, and
thigh stretches.

After completion of the exercises, the students

engaged in conversation with the trainers and/or looked at magazines
for the remainder of the period.
B.

Moderate jogging rate-short distance.

Subjects were re

quired to run at a pace which produced a pulse rate as near as
possible to their individually calculated moderate rate for 0.98
miles.
Phase II
Phase
A.

II

consisted
No-exercise.

of

two,

daily

alternating

conditions:

During this condition, each subject entered

the gymnasium and sat on a mat in the middle of the floor.

Each was

instructed to stay there and look at the magazines which were made
available to them.
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B.Vigorous
to run

jogging-moderate distance.

Subjects were required

at a pacewhich produced a pulse rate as near as possible to

the rate specified as the vigorous rate for 1.47 miles.
Phase III
Vigorous jogging-moderate distance.
at the

Subjects continued to jog

same rateand distance as specified under Phase II but were

required to

jog every day rather than alternating with no-exercise

or warm-up-only days.
Phase IV
■Vigorous jogging-long distance.

Each day in this phase Subject

2 jogged at the vigorous jogging pace for a distance of 1.96 miles.
Phase V
No-exercise.

In this phase, Subject 2 was exposed to conditions

identical to the no-exercise condition in Phase II-A.
Independent Variable Accuracy
Table 1 indicates the mean pulse rates, expressed as percentage
of targeted pulse rate, for each subject in each jogging condition.
Ranges within each condition are shown under the mean for that phase.
The overall mean percentage of desired pulse rates ranged from 93.9%
to 106.1%, indicating that in general subjects did run at appropriate
levels to reach their targeted pulse rates in each phase.
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Table 1
Mean Pulse Rates and Ranges for Each Phase and Subject
Expressed in % of Desired Pulse Rates

Phase

I

11

III

IV

Subject
S 1 Mean
Range

103.0
91.3-113.0

QS 0
79.3-106.9

96.2
82.8-110.3

S 2 Mean
Range

100.8
70.1-117.0

93.9
76.7-110.0

96.3
83.3-103.3

S 3 Mean
Range

100.0
87.0-104.3

96.2
79.3-106.9

97.6
89.7-103.4

S 4 Mean
Range

106.1
95.7-117.4

102.4
93.1-110.3

103.4
93.1-113.8

100.0
93.3-113.3
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RESULTS
One of the main objectives of this study was to ascertain
whether differing amounts of exercise would have any effect on in
appropriate behaviors.

Figure 1 shows the daily percent of inter

vals scored for the occurrence of the behaviors averaged across the
three behaviors and three observation periods for each subject.
Baseline responding appeared to be steady for each subject prior to
the introduction of Phase I.

Generally,

lower baseline levels

during days 2-6 for Subject 4 and 3-6 for Subject 2 are associated
with the presence of a substitute teacher, who arranged a more
structured classroom environment than the regular

teacher.

During Phase 1 both Subjects 1 and 3 exhibited a decrease in
inappropriate behaviors during both the jogging condition and the
warm-up-only condition arid some separation of the data between the
two conditions.

Neither jogging nor warm-up exercises had a consis

tent effect on the inappropriate behaviors of Subjects

2 and

4

during Phase I.
In Phase II, where no-exercise days were alternated with jogging
days and jogging was at a higher intensity than in Phase I, Subjects
1, 3, and 4 exhibited consistently lower levels of inappropriate
behavior than previously observed, and a separation in the level of
inappropriate behavior occurring on jogging and no-exercise days.
The degree of separation for Subject 3 declines after the beginning
of Phase II.
17
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CONSECUTIVE SESSIONS

Figure 1.

Mean percentage of intervals for occurrence of all be
haviors in all observation periods for each subject.
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During Phase III, the jogging rate remained the same as in
Phase II, but jogging occurred on consecutive days.

For Subjects

1, 3, and 4, the level of inappropriate behaviors declined to its
lowest during the experiment.

Subject 2 exhibited a level similar

to that observed during previous conditions.
In Phase IV, Subject 2 jogged at the same rate each day as in
Phase III but for a greater distance.

No change in the overall

level of inappropriate behavior was observed in Phase IV; however,
during Phase V, when the subject engaged in no exercise, an increase
in inappropriate behaviors was observed.
Differential effects across the three behaviors for each sub
ject can be observed in Figures 2, 3, 4, and 5, which show the per
centage of intervals scored for each behavior averaged across the
three observation periods.

Subject 1 (Figure 2), Subject 3 (Figure

4), and Subject 4 (Figure 5) showed similar decrements in responding
under exercise conditions for each of the three behaviors observed.
Subject 2 showed a decrease in off-task behaviors on jogging days
and in inappropriate use of hands during Phase IV.
Differential effects during each of the three daily observation
periods are displayed in Figure 6, which shows the average of all
first, second, and third observation periods within each phase.

The

first data point in each phase is the mean percentage of intervals
for all behaviors averaged across all first observation periods in
that experimental condition.

The second data point is a similar

average for the second observation period of that condition, and the
third point is for the third observation period.

The data for Sub-
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Figure 2.

Mean percentage of intervals for occurrence of each be
havior in all observation periods for Subject 1.
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Figure 3.

Mean percentage of intervals for occurrence of each be
havior in all observation periods for Subject 2.

R eproduced w ith perm ission o f the copyright owner. F urther reproduction prohibited w itho ut perm ission.

SUBJECT 3
80

BASELINE

PHASE I

. PHASE II

PHASE III
I

u (0
tQ
S z 60
oc<
a. X
40

o - o W ARM-UP
• —• JOQ ( mod. rate, short die.)
O—a NO EXERCISE
I JOG ( vlg. rate, mod. dla.)

MEAN PERCETAGE OF INTERVALS

Is

20

” < v h ;
80
^

60

v

CO
?

40

t
O

20

\

80
60

bu

tig
&o

s

40
20

10

15

20

25

i

i

30

35

40,

45

CONSECUTIVE SESSIONS

Figure 4.

Mean percentage of intervals for occurrence of each be
havior in all observation periods for Subject 3.
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Figure 5.

Mean percentage of intervals for occurrence of each be
havior in all observation periods for Subject 4.
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Mean percentage of intervals for occurrence of all be
haviors during each phase in each observation period.
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jects 1 and 3 show that responding generally occurred at the lowest
rate in the first observation period (immediately after the IV con
dition) , was higher during the second observation period (one hour
later), and was highest during the third observation period (two
hours later).

Consistent patterns across observation periods are

not as obvious for Subjects 2 and 4.
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DISCUSSION
These data support several conclusions regarding the relation
ship between exercise and the level of inappropriate behavior.
First, for three of the four subjects (Subjects 1, 3, and 4), the
level of inappropriate behavior is lower during phases where exer
cise occurred, even if the exercise was alternated with the warm-uponly and no-exercise days.

Further support for the relationship

between exercise and the level of inappropriate behavior is evidenced
in the separation in the levels of inappropriate behavior on days
with and without exercise during Phases I and II.

Subject 2 did not

show convincing effects of jogging, though the means for jogging and
non-jogging days in Phases I and II show some separation and there
is a minor increase in the level of off-task behavior after all
exercise was terminated.

The factors responsible for these differ

ences between subjects are unclear at this time, though it is worth
noting that Subject 2 had generally the lowest and most stable rates
of inappropriate behaviors of all the subjects.
The results are consistent with data on the relationship between
exercise

and

self-stimulatory behavior reported by Watters and

Watters (1980).

They report a mean reduction in the level of self

stimulatory behavior of 32.7% associated with jogging.

The mean

reduction in the level of inappropriate behaviors between baseline
and the final jogging phase was 20.8% (range of 6.3-38.0%) in the
current study.

The smaller magnitude of change may be partially due
26
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to the inclusion of data from'observation periods which were tempor
ally distant from the exercise period and showed less change than the
post-observation period.
Of the behaviors measured, off-task behaviors showed the most
consistent decrease across all subjects.

In Subject 2 this was the

only significant change and occurred on days the moderate rate,
short distance condition was in effect.

A decrease in this behavior

is perhaps of substantial practical importance, as the other inappro
priate behaviors are not necessarily incompatible with academic
functioning.

For instance, repetitive rocking may not interfere

with successfully performing a matching task, while looking out the
window might.
Data generally indicate that behaviors were not differentially
affected within subjects during the jogging conditions.

With the

exception of Subject 2 in Phase II, each subject showed similar
trends for each behavior throughout the experiment.

Other studies

have not addressed the issue of differential effects across beha
viors or subjects as either a single inappropriate behavior was
observed

(Watters & Watters, 1980), data on individual behaviors

were not reported (Allen, 1980; Breuning et al., Note 2), or single
subject data were not reported (Allen, 1980).

Whether all behaviors,

including appropriate academic behaviors, would decline after exer
cise was not directly addressed by the current study.

Anecdotal

reports from teachers suggest that academic behaviors improved for
Subject 1 and remained relatively consistent throughout the experi
ment for Subjects 2, 3, and 4.
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The change in the level of inappropriate behavior as the time
interval separating the exercise and observation periods increased
was not consistent across subjects.

Two subjects showed no change

in inappropriate behaviors across observation periods.

The remain

ing two subjects showed a slight increase in inappropriate behaviors
across

observation

periods,

though the levels of inappropriate

behavior did not reach the levels observed in baseline.

Since the

behavioral effects of exercise decline for some subjects with the
passage of time, practitioners should arrange exercise periods to
precede activities or time periods which are typically characterized
by high levels of inappropriate behavior, thus deriving maximum
benefit from the exercise.

~

The behavioral and/or physiological mechanism(s) through which
exercise impacts subsequent behavior is open for question.
decreases

in

inappropriate

behaviors

correspond

with

Since

increased

amounts of physical exertion, it might be argued that fatigue was
responsible for the reported results.

This interpretation is fur

ther supported by the data showing an increase in the levels of
behaviors for two subjects as the recovering time after exercise in
creased.

While the effects of fatigue are undoubtedly important,

two other observations suggest the operation of other mechanisms in
addition to fatigue.

First, exertion at a constant level across

days would produce physical conditioning effects resulting in less
fatigue and increases of inappropriate behavior.

The data in this

study show no increase in the frequency of behaviors within phases
or across the experiment, as might be predicted by this argument.
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Additionally, fatigue would seem to have a greater effect on those
behaviors requiring large muscle movements.

With the exception of

Subject 2, evidence for differential effects across behaviors was
not obtained, despite the fact that some behaviors (e.g., repetitive
movements, motor off-task, and inappropriate use of hands) required
the use of large muscle groups, and others (e.g., off-task, visual
off-task, and inappropriate vocalizations) did not.
While a range of pulse rates was noted in each of the conditions
for each subject, differences are probably not of sufficient size to
account for changes in behavior between or within phases.

Further

progress in standardizing the pace of the jogging and the degree of
physical exertion could be obtained by using a motorized treadmill
to maintain the desired jogging pace and electronic measuring de
vices for monitoring pulse rates.
the

identification

These‘instruments would further

of precise parametric relations between the

degree of exertion and corresponding behavior changes by allowing
precise quantification and manipulation of the degree of exertion.
The current study does suffer several limitations.

First, it

is unclear whether a constant level of jogging would produce persis
tent behavioral effects over extended time periods.

This issue is

of practical importance, since there are obvious constraints on how
much and how often jogging intensity and duration could be increased.
Second, factors responsible for between-subject differences in re
sponsiveness to exercise were not

identified.

One subject was

generally unaffected, even when jogging on consecutive days for
approximately two miles.

Further increases in jogging speed and/or
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distance for this subject were not implemented because of the termi
nation of the school semester.

Third, data collection limitations

precluded the assessment of other behaviors (e.g., academic behaviors)
which may have increased or decreased during the jogging conditions.
Identifying the range of behavioral effects is an important topic
for future exercise research.
It is worth noting that thte degree of behavior change associated
with jogging was modest for all subjects, and other behavior manage
ment procedures (e.g., time out, punishment, overcorrection, DRO)
have produced equivalent or larger decreases in inappropriate beha
vior.

Nevertheless, control by antecedent stimuli and manipulation

of setting events is still of theoretical and practical interest.
Other behavior control procedures emphasizing the delivery of response
contingent consequences are relatively labor intensive, in that they
require nearly constant vigilance to detect and consequate the tar
geted response.

Thus, behavior management procedures emphasizing

manipulation of antecedent and setting events may prove cost-effec
tive when compared with contingency management procedures and may
prove to be useful adjuncts to enhance the effectiveness of contin
gency management procedures (e.g., Horner, 1980; Melin & Gotestam,
1981; Whalen et al., 1979; Sulzer & Mayer, 1972).

If the behavioral

effects of jogging prove reliable and durable in treatments for
inappropriate behaviors, jogging may offer a viable alternative to
other treatments, whose acceptability is limited by undesirable side
effects (e.g., psychoactive drugs) or ethical considerations (e.g.,
punishment procedures).
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An obvious use for a jogging program is to manage inappropriate
behaviors in school or institutional settings.

However, jogging as

a treatment mechanism need not be limited to these specific settings,
behaviors, or populations.

Programs could be adapted for use at

home as part of a parent management program.

Finally, jogging has

been used in treating anxiety (e.g., Ledwidge, 1980; Morgan, 1979)
and depression (e.g., Blue, 1979; Greist, Eischens, Klein, & Faris,
1979; Greist, Klein, Eischens, Faris, Gurman, & Morgan, 1979), and
it is likely that other clinical applications will be identified.

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

APPENDIX
Interobserver Agreement for Behaviors by Subject
Mean
Percentage

Range

30.4

Subject 1
Vocalizations
Repetitive
Movements
Off-Task
All Behaviors

95.8

86.7-100.0

93.6
95.1
94.8

81.7-100.0
85.0-100.0
81.7-100.0
30.8

Subject 2
Inappropriate
Use of Hands
Off-Task
Repetitive
Movements
All Behaviors

93.3
91.2

79.3-100.0
81.7-100.0

92.3
92.3

80.0-100.0
79.3-100.0
33.3

Subject 3
Inappropriate
Use of Hands
Off-Task
Repetitive
Movements
All Behaviors

93.3
91.1

81.6-100.0
82.5-100.0

91.5
91.9

85.0-100.0
81.6-100.0
26.2

Subject 4
Visual Off-Task
Motor Off-Task
Vocalizations
All Behaviors

Percent of
Observation
Periods

96.2
93.3
93.3
96.2

86.7-100.0
80.0- 98.3
83.3- 98.3
80.0-100.0
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